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(57)[^J] (57)[ABSTRACT OF THE DISCLOSURE] 



j] [SUBJECT OF THE INVENTION] 

^ISE^fis HMm^MM^M This invention provides the lithium ion 

?8~tZ>k$iic, M'tft-pLffi^Vk. W secondary battery which uses the polymer solid 

{-f£fiH#<7>fE^A##t££:[&# electrolyte which has improved the 

L/c/Ky-^— SffclE$?8f£rf£fflL- electric-current load characteristic, especially 

fcy^A^^&ftftl^Slftt the electric-current load characteristic at the 

i~-5 0 time of low temperature while solving leakage of 

electrolyte. 

[#?$r^l£] [PROBLEM TO BE SOLVED] 

^^0^coy^ r >A^i'^-^2^S The lithium ion secondary battery of this 

ytilfi, (l)^" d rir^^^'a ; ft"^ 0 y invention comprises (1) oxetane ring content 

-r— , {2)iJ^-iryM^f^M, polymer, (2) cationic initiator, (3) electrolyte 

(3) mM'Mm%. *5«ktf (4) y f- solvent, and (4) lithium electrolyte salt, and the 

0 ' •I*Mffl1ft%ifrbf&'9 > ±fE^ :3 r above-mentioned oxetane ring content polymer 

-tr^it-aW^y-^— (1) frBsk (1) let the liquid crosslinkable composition for 

t P5M&%Si.T~?&>Z>f&Vt<om solid electrolytes which is 5 weight% or less 

MM'Xffl$&M&$i$.% : fc, y among a total amount gelatinize for lithium ion 

^■t>'2d^.MML^\z. : ^M\z. secondary batteries by crosslinking, and formed 

JioTy/Wb-tirLfeztfy-?'— Hlffc it into the polymer solid electrolyte. 
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W>MWitLtcZ.b&ftWLb-fZ>o It is characterized by the above-mentioned. 



[CLAIMS] 



imxmi] [claim 1] 

(U^^r-tr^^Ji^r^/tfLl-^ A polymer solid-electrolyte lithium ion 

— , secondary battery comprises (1) oxetane ring 

(2) fi'J-jryHtn HS^n^k content polymer, (2) cationic initiator, (3) 

(3) WMWM^. 5dX.11 eleectrolyte solvent and (4) lithium electrolyte 
(AY)^m$mM salt 



and the above-mentioned oxetane ring content 
polymer (1) let the liquid crosslinkable 
composition for solid electrolytes which is 5 
weight% or less among a total amount 
gelatinize for lithium ion secondary batteries by 
crosslinking, and formed it into the polymer 
solid electrolyte. 

It is characterized by the above-mentioned. 



^-ir*>gS-^7Ky-7-(l) 



[CLAIM 2] 

The polymer solid-electrolyte lithium ion 
secondary battery of Claim 1 whose oxetane 
ring content polymer (1) is the polymer with a 
molecular weight of 1 0000 or more, which is 
obtained by the radical copolymerization of the 
radically polymerizable monomer, which has an 
oxetane ring, and other radically 
polymerizable monomer. 



[»*JI3] 

£*^5~5om*%-?fc5!i!* 



[CLAIM 3] 

The polymer solid-electrolyte lithium ion 
secondary battery of Claim 2 whose quantity of 
the radically polymerizable monomer which has 



Jl2fc:fcf<;<D7K!J-7— an oxetane ring is 5 to 50 weight% among the 



monomer whole quantity. 
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[»*3S4] [CLAIM 4] 

^"^•fe^V^^^/KU'-v— (1) The polymer solid-electrolyte lithium ion 

^> ^^ir^y^^rW^S^v^^ secondary battery of Claim 1 whose oxetane 

;uM^\^^y^—ioXU^^^-i^ ring content polymer (1) is the polymer with a 

JE^r^T^^yv^/i'fil^ 14^/^ molecular weight of 10000 or more, which is 

—t^L<Dyi/i3jvM. cH4^EV^— obtained by the radical copolymerization of the 

(tOyi/^/i/^M^T^f^fiS^ radically polymerizable monomer and other 

^ iU0000J^±Otf;y-r--"Cfo radically polymerizable monomer which have 

Sft^Ilt-fSiSc^^y^^Hffc the radically polymerizable monomer which has 

W$W)^V^^>WkWFko an oxetane ring, and an epoxy group. 

[ft*S5] [CLAIM 5] 

^t^yf^tt?)?^^ The polymer solid-electrolyte lithium ion 

Hq* fe.^/^—ktD o^f+S^ 1 ^ 1 secondary battery of Claim 4 whose ratio of the 

tf^i/l£&#1r&7i/%/i'Mci%k radically polymerizable monomer which has an 

■=E-/"^— ro|PJ'n k jO*90 Ji fk% £HT epoxy group in a total amount with the radically 

T\ f£i^^/^— fT)^ S+S#\ ^ polymerizable monomer among the monomer 

J~?— ^fi^ 5~50Mm%"Cfc whole quantity is 90 weight% or less and the 

5ft^rl4(-M^^°y^— IS ft: total amount of both monomer is 5 to 50 

MMWJ^V^^WXWtfi&o weight% among the monomer whole quantity. 

[11^16] [CLAIM 6] 

^"^rir^V^^W^y-r— (1) The polymer solid-electrolyte lithium ion 

(D— £tf tc N ^^^S/2££r#-f"<5:7 secondary battery as described in any one of 

i/%/i'M&\i^y^—h{&<D7i/ claims 1 thru/or 5 which uses together with the 

#^11 -a \i^y-^—t(Dyi^ti^ epoxy-group content polymer with a molecular 

*fi-a ^tbttS^-f-JklOOOO weight of 10000 or more, which is obtained by 

J^±co^^°^r> / S'a ^r^y^~Sr the radical copolymerization of the radically 

flfffli'Slt^^lT^SSOl/^Tix polymerizable monomer and other radically 

d^lol^lBifeO^y-^— @^®fi¥. polymerizable monomer, which have an epoxy 

% ] )^^irl^2d^MMo group, in a part of oxetane ring content polymer 

(1). 

I»#J57] [CLAIM 7] 

^=^"fe^^^$r^"i"57v ? ^7/^ The radically polymerizable monomer which 
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M cH^E-/-^— #\ has an oxetane ring is a formula. 

Ukl] [FORMULA 1] 



T 1 t™'^ 

CH 2 =C— COOCH 2 -C' yO 



(tC^P, Ri (iH^fcttCH 3 ;*5<fc (In the Formula, R1 is H orCH3, and R2 is H or 

UR 2 »iH*rt:fi^&$cl~6©7' an alkyl of C1 - 6) the (meth) acryl monomer, 

/Udr/H?fo5) <d TPVj^ which is the polymer solid-electrolyte lithium ion 

y-v— "Cfo-5ft^ : ^275M5(DV , > secondary battery as described in any one of 

-fax^lotdfaf^sKy-v— @# claims 2 thru/or 5. 

im*m) [claim 8] 

$L(D7\/j3 yvfi-^tt^ey-v— Another radically .polymerizable monomer is a 

formula.: 

Ut2] [FORMULA 2] 
CH2" — C R4 



(^'t'.Ra fiH*fcttCH 3 ;*5«t 
0R 4 fi-COOCH 3 , -COOC2 
H 5 > -COOC3H7, -COOC4H 
9, -COO(CH 2 CH 2 0)^ 3 CH 3 , 
-COO(CH 2 CH 2 0)i^3C2H 5n 
-COO(CH 2 CH(CH 3 )0)u 3 C 
H 3 , -COO(CH 2 CH(CH 3 )0)i^ 
3 C 2 H 5 > -OCOCH 3 , ^fctt-O 



(In the Formula, R 3 is H or CH 3 ; and R4 is 
-COOCH 3 , -COOC 2 H 5 , -COOC 3 H 7 , -COOC4H9, 
-COO(CH 2 CH 2 0)i. 3 CH 3 , 
-COO(CH 2 CH 2 0)i. 3 C 2 H 5 , 
-COO(CH 2 CH(CH 3 )0)i. 3 CH 3 , 
-COO(CH 2 CH(CH 3 )0) 1 . 3 C 2 H 5 , -OCOCH3 or 
-OCOC 2 H 5 .) the vinyl type or (meth) 
acrylic-type monomer, which is the polymer 
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COC 2 H 5 -e&'5)0>f=A'^ 1 t>L< 



solid-electrolyte lithium ion secondary battery 
as described in any one of claims 2 thru/or 7. 



[CLAIM 9] 

The radically polymerizable monomer which 
has an epoxy group is a formula. : 



Ut3] 



[FORMULA 3] 



T 5 

CH 2 =C— ' 



COORe 



(5£f, R 5 «HSfcfiCH 3 ;fe<t 
Ut4) 



(In the Formula, R 5 is H or CH 3 .; 
and R 6 is 

[FORMULA 4] 



or 




"Cfc5)^(^)T^yi/^hX:fo5 ) (meth) acrylates, which is the polymer 
ft ^11475^8(7)1^ tb^^lotd solid-electrolyte lithium ion secondary battery 
^^(DtfV^—^fcWtMWJ^V as described in any one of claims 4 thru/or 8. 



[tmmiO] [CLAIM 10] 

%^^>MiiMbpffl(2)frs$- The polymer solid-electrolyte lithium ion 
— ^Ai^TfeSff^3gl 7b^.9(D secondary battery as described in any one of 
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l^-f ;h^lofclEgfrZ)zfty-e— M claims 1 thru/or 9 whose cationic initiator (2) is 

i^MMV: ] J^^^^^-y2^kWs oniumsalt. 

[ff*Jfll] [CLAIM 11] 

®fi?^^IR(3)^ it^j^Sg The polymer solid-electrolyte lithium ion 

jh^-Tvu^ f&VtfizWE^XT/i' secondary battery as described in any one of 

H> Stt^^^V^^^xy^, claims 1 thru/or 10 whose electrolyte solvent (3) 

ig:|£^— 7vM^ {E^^iCt^ is at least 1 type chosen from the group of 

/^^V^^^x/t/^, 16 ft i 1 ^ annular carbonate esters, chain-like carbonate 

x/HlSifcJitFv'T/^^/i'' esters, annular carboxylates, cyclic ether, 

K's^fb'n 4^l$^b3IN3:ti<5 low-molecule chain-like carboxylates, 

^^<^l@T&5ft^ J H75S low-molecule chain-like ether, and a cyanoethyl 

10(7)1 ^TtLd^lod-fe^O/Ky^ group content compound. 

[fl^if 12] [CLAIM 12] 

^Mi&&Wi(3)fr,mW:i0<B The polymer solid-electrolyte lithium ion 

^^"r/is^io XTlMVtifc^^^ secondary battery as described in any one of 

T/\sM<nf$t*bMt£tiZ>'PtS:< t claims 1 thru/or 10 whose electrolyte solvent (3) 

hl^^fo&tn^^l7b?kl0(D\/^ is at least 1 type chosen from the group of 

Ttt^^lo(cfS|Sc07Ky^--|gfr annular carbonate esters and chain-like 

MMWJ^^^yWkmttLo carbonate esters. 

[ff*3ll3] [CLAIM 13] 

flE#?7$$£$£(3);^ The polymer solid-electrolyte lithium ion 

x^f/i/I, l^j^S^^TVi/M secondary battery as described in any one of 

ioctr/^tt^^^V^^i^T 1 /!/ claims 1 thru/or 10 with which the electrolyte 

^(DffifrhM&tiZ> / P?j:<thl solvent (3) adds low-molecule chain-like 

ffl^ IS^fi^*/^*Vix^ carboxylates to at least 1 type chosen from the 

x/i/S^JP^/c^^TfeSft^iI group of annular carbonate esters, chain-like 

lT^lOcDl^Tti^lofdfSiSc carbonate esters, and annular carboxylates. 
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[1***14] [CLAIM 14] 

y^*^^fl;ft?S^(4) i^tS The polymer solid-electrolyte lithium ion 

^@£y^#A N fh77/^n^f) secondary battery as described in any one of 

ggy^i^ ^^-^y/u^-uD^M claims 1 thru/or 13 whose lithium electrolyte salt 

V^tyJ±td£TfhV7s^v^>* (4) is at least 1 type chosen from the group of a 

j\/frZ/^)^ty2±(D^frhW£ith lithium perchlorate, a lithium tetrafluoroborate, 

Z^^khlM^fo&tn^MlTb hexafluoro-phosphate lithium, and trifluoro 

Sl3<Z)V^-f tb/i^lof^fEic^* 0 methanesulfonic acid lithium. 

[ft**15] [CLAIM 15] 

^ftyf^P^^J (2) (7)— The polymer solid-electrolyte lithium ion 

pfl£>6lM4^:£Mc, y^'^fifi? secondary battery as described in any one of 

Sf^l[(4) irLXfflV^^^^ri^^^ claims 1 thru/or 14 using hexafluoro-phosphate 

^nyy^y^r>AjoJ:t>V^/c(4 lithium and/or the lithium tetrafluoroborate 

xhy^/i^n/fr^g^y^-^ A^r^iJ which uses for a part or all of a cationic initiator 

ffl1-5ti^if I7^14<7)^-f jft, (2) as lithium electrolyte salt (4). 

[f***16] [CLAIM 16] 

&&<Dmi$W l MKfB^Wi&B The polymer solid-electrolyte lithium ion 

J$$J;6\ ^^ir^^^^^/Ky^ secondary battery of Claim 15, in which the 

~(l)s W$%£M$k(3) * $o£Xf}) liquid crosslinkable composition for solid 

J*HMW$jL (4) tLT^^ri^ electrolytes comprise shexafluoro-phosphate 

ysi/stvV^MV^ty^ioXTf/^ lithium and/or a lithium tetrafluoroborate as 

tzlti'rhy 7/i^n>fc#g£lJ^-£7A oxetane ring content polymer (1), the electrolyte 

7$^J&5!t*^15(cf2fc<7)* 0 y solvent (3) and lithium electrolyte salt (4). 

[8***17] [CLAIM 17] 

(D^^rir^V^-Q^f/^y^ A liquid crosslinkable composition for solid 

— , electrolytes which comprises (1) oxetane ring 

(2) jJj-str^M&fM&M. content polymer, (2) cationic initiator, (3) 
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electrolyte solvent and (4) lithium electrolyte salt 
and the above-mentioned oxetane ring content 
polymer (1) is 5 weight% or less among a total 
amount. 

It is characterized by the above-mentioned. 



[If*rii8] 



[CLAIM 18] 

A liquid crosslinkable composition for solid 
electrolytes, which comprises 
hexafluoro-phosphate lithium and/or a lithium 
tetrafluoroborate as oxetane ring content 
polymer, electrolyte solvent and lithium 
electrolyte salt, and the above-mentioned 
oxetane ring content polymer is 5 weight% or 
less among a total amount. It is characterized 
by the above-mentioned. 



[11**119] 

(D^ir^St^W^y^ 



(2) 



[CLAIM 19] 

A production method of the polymer 
solid-electrolyte lithium ion secondary battery 
which comprises (1) oxetane ring content 
polymer, (2) cationic initiator, (3) electrolyte 
solvent and (4) lithium electrolyte salt 



# y-r- (i) aHe**5m*%£A 



and the above-mentioned oxetane ring content 
polymer (1) injects the liquid crosslinkable 
composition for solid electrolytes which is 5 
weight% or less among a total amount into the 
vessel or cases incorporating units, such as 
electrode for lithium ion secondary batteries, 
and a separator, which can be sealed, it makes 
it gelatinize by crosslinking and forms a polymer 
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mfcM,fflWik-?Z>^t%¥f solid electrolyte. 
Wik-f ZtfV -r — @fl£fcfl??C!J f- It is characterized by the above-mentioned. 



[ft*J!20] 
**±*>m-a1i#})-?- (1) 

^T'#f>tb5^*10000Ui± 



[CLAIM 20] 

The production method described in Claim 19 in 
which oxetane ring content polymer (1) is the 
polymer with a molecular weight of 10000 or 
more, which is obtained by the radical 
copolymerization of the radically polymerizable 
monomer and other radically polymerizable 
monomer which have an oxetane ring. 



[ffl!#S21] [CLAIM 21] 

ir^r-t^yM.^^'t'by^yti^ The production method described in Claim 20 

S cH^/^— CD JfctfS, -=e/-7— whose quantity of the radically polymerizable 

:£ft4 J 5~50Jt4%~C&> ; 5fi3& monomer which has an oxetane ring is 5 to 50 

^20(£fetS<;GD|Kljii}£ o weight% among the monomer whole quantity. 



[»#J522] 

i 1 1; i o o o o w ± <d tK y ^ - -e fo 



[CLAIM 22] 

The production method described in Claim 19 
whose oxetane ring content polymer (1) is the 
polymer with a molecular weight of 10000 or 
more, which is obtained by the radical 
copolymerization of the radically polymerizable 
monomer withan oxetane ring and the radically 
polymarizable monomer with an epoxy group 
and other radically polymerizable monomer. 



[»3ftJS23] 

^*M£>T*#b*i3#^*iooo 



[CLAIM 23] 

The production method as described in any one 
of claims 19 thru/or 22 which uses together with 
a molecular weight of 10000 or more, which 
is[ obtained by the radical copolymerization of 
the radically polymerizable monomer and other 
radically polymerizable monomer which have 
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£r#fffl1~5jiff 3£if 1 9753E22W^ an epoxy group in a part of oxetane ring content 
i"tlA*l^fclB*0»Jt& polymer (1). 

imW<DWWlUW] [DETAILED DESCRIPTION OF THE 

INVENTION] 



[0001] [0001] 

[»WOJR-t"5afl!F4>BF] [TECHNICAL FIELD OF THE INVENTION] 

ffifaWMHV^ This invention is a polymer solid-electrolyte 

^^^r>2^WM, fU^plX lithium ion secondary battery and a secondary 

fi* FIfiiSk £jSL v"— h#^<7> battery which has shapes, such as cylindrical 

ftZVt&^^&%M^$£t£21tk1i i shape, a square shape, and sheet state, in 

lfet*feoT, ^Ct 1 ©!^^ more detail and which can be charged, 

^^^t^^^/Ky^^^rfflV^T® comprised such that it solidifies the electrolyte 

f$ik'i'Z>i><DX\ WM%&£>M1&$: in it using a polymer from the liquid of the past. 

M$tfrZ>k&\^ fiificAffi#t£* While solving leakage of electrolyte, it is related 

ffi\£&WL^<DW i 1$l&ffi4frti££:$C with the lithium ion secondary battery which 

f#Lfc;tfy-^— Mf$WiMK : k&ffi uses the polymer solid electrolyte which has 

LfZV7$J>^*^2fcWfoi3i:Tt improved the electric-current load 

^(DM^^^lf^-tt^i^MM characteristic, especially the electric-current 

Kffl^3R*aMtiftJ**^lii" load characteristic at the time of low 

<5 Q temperature, its production, and the liquid 

crosslinkable composition for the 
above-mentioned solid electrolytes. 



[0002] [0002] 

lft%<D&ffik%W&MikLi.ok [PRIOR ART AND PROBLEM TO BE 

-rzmm] solved] 

Vf-$J*4^>'2]lkW>ftLlt, /bM A lithium ion secondary battery is a battery 

&i1k<D3iWL p!ib^S^T% ^{i which is small-sized, light-weighted and 

^^fo5i/MiW4jifi^i 9 If II chargeable, its accumulation-of-electricity 

^fi;&^#<, ^^MfE^&§£: capacity is large per the unit volume or unit 
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Sl^flEu h^y=i>\ weight, and it utilizes for a portable-type 

y=»>\ ^^ff$Bffi5fc(PDAh M electronic-equipment: mobile telephone, a 

Df^, t , '7W^7^ Tr<{*J9 notebook PC, a portable personal computer, a 

^^7^l-S5Aytc$iJffl$H, /h Personal Digital Assistant (PDA), MD deck, a 

litttt^Wt^it^^t video camera, a digital camera, etc. it is 

t&ffl&ftWSI8&\z.ft&miK< small-sized and light-weighted and 

^d*fc^5#i££:&o"tV<5o k^. indispensable for various portable equipment 

%X\ 5l#ctf)L^£ J±4$~l/2 : {kWL with a comparatively big power consumption, 

fifed joV^T, ^(DWtMWkLX, By the way, in the present lithium ion secondary 

j^i/ntVy, #<g£^^u>^ battery, the liquid electrolyte which dissolved 

fc^klrtc^fflffcfeti&fcy^ i» lithium electrolyte salt in the electrolyte solvent 

fiM?W^£^^Lfcft&^Of[$? which was mainly concerned with the propylene 

SL ^fct>hWMifc&$iRlL>X\'^ carbonate, the ethylene carbonate, etc. as the 

St©d $ 5&^"CfcSo L/^bfc/^ electrolyte, i.e., the thing which is using 

£>> ^©<t5<C^#P^S:^fflLfc^ electrolyte, is almost the case, 

ftlfi, ?&S±#(ffflS| However, the battery which uses such 

^^E^tt^Pdg^W^l^diS electrolyte has problem of leaking, leaking by 

ifr-a :M^&^St5cf@^>fll rising inner pressure (originating in the steam 

fflL^tf)— ^B^IE^i^^ pressure by the solvent in electrolyte and 

ALX{&fflLtcW>ii ;{£FR^1MX getting higher inner pressure according to lower 

ift?S.d^S^ttS^-a ;feSV^{i boiling point ) at the time of rising temperature 

x '/<s(^(D%&fy]&h~$f(Ds^l<'y (it happens at the time of heat generation when 

ft"tt^~C£2w5) Ltck1*(Dpyf±±. using it or charging/discharging it, at the time of 

#(ft#r$4^^^dJ:5^MHE misuse, at the time of short-circuit, i.e. using 

tSHL, i^^^f&VMSif l*3E: plural batteries with positive-and/or-negative 

±#fi;*:#^) dctSM?^ 5$ insertion of the part, at the time of exploring to 

%!k<DfcWih\<^tzJ£'£$L<D high temperature in the environment, or at the 

T^^fakXto*) ^ MMw<0^i$ time of soldering when built-in of a device, etc.) 

it, 1rte£>hWlf$MM1S:<Dffli$& A solidification of electrolyte, i.e., development 

&¥£$£\Zftt>friX^^&o of a solid electrolyte, is performed actively. 

[0003] [0003] 

r<73@{£Hfi?lf{i, $t£f As for this solid electrolyte, it is common to use 

SrfflV^S polymer material, and various kinds of material 

*°y^ :3 ri/^i^i/>"^^^" , t"2)$t including the material which conventionally has 

^ #§©$t3N-i& 5 J&ft£ a polyoxyethylene strand has been examined. 
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thX^tzft, Ztlb<D$t'&X*iZM However, with such material, ion 

hHs^& : )fe¥f&X'&Z)43ryMW, electroconductivity which is the most 

fet^WMMiMW^yc^j^^^'-fj fundamental property is greatly inferior 

^tzM^X^^^^^WA compared with a liquid electrolyte, and has not 

LTW«£V\ ^r-Cftifitrti, fflL reached a still usable level. 

JfcUfi? W^'C^Vu So, recently, development of the polymer-gel 

ikMtlstztfV^-ff^mmfcm type solid electrolyte which made the liquid 

MW<OM&&f£#ikl>Xis9. 91 electrolyte the gel state with polymer material is 

fe<DkZ.%, ^^cfE^Sn-jfiV-f' activating, at present, ion electroconductivity 

j-y^M&ffl&btl^ih&Z.k near a liquid electrolyte may be acquired. 

tfcoT, — £Pffl^T?{iH#Mk;£ A part is being put in practical use for an 

tLOO$>5o application. 

[0004] [0004] 

^.tc s -y— h^<DMMW,'^^^^ Moreover, in a sheet-like thin battery, at present, 

Tfi, (1)jE, AUfcT^ric (1) USING SOLVENT OR DISPERSION 

LfciL rroMffifeSV^ttlE, MEDIUM FOR SEPARATOR OR NONWOVEN 

A^P^tof A£ft<5ir/NV-* FABRIC INSERTED BETWEEN THIS 

myy\t ELECTRODE SURFACE OR POSITIVE, AND 

fc*=yx^,#y7*yn=HM' NEGATIVE ELECTRODE, AND MAKING 

%<Dtf})-?—&mMhZ>l<V*ftWL POLYMER OF POLYVINYLI DENE-FLUORIDE 

HEfcffll^CMU x^'^V, TYPE AND POLYACRYLONITRILE TYPE IT AT 

x-r*''*— v^fc-f-S^, fcSV^ SOLUTION, EMULSION, AND DISPERSION, 

(±^Pfi^Sl!LT^^^LT^^ AFTER FORMING POSITIVE AND NEGATIVE 

U ftjK^/^ay, f*-f^ ELECTRODE ETC. OR HEAT-MELTING, AND 

— : ?ay<DWi&te)¥-t£Z>fc$lX*fe LIQUEFYING AND APPLYING, 

tt-?-^— : Method to dip in the electrolyte which is made 

itll^bj&H) bfc^> f[ft¥Sfi&<!r up of electrolyte salt and electrolyte solvent, to 

Mffl'&fet&frbftZMffllfefcjgt let it swell, and to form the gel after drying (film 

LTfl^H^ity^Sr^Efc^-tirS^ forming which not mere drying but polymer 

2fe; particles unify is also required in the case of an 

(2)3g1fj't!£<7) j e/-v'— % emulsion and a dispersion); 

-nZ^/vtzmffii&Zs mUffi (2) APPLY TO SEPARATOR OR NONWOVEN 

fc-SVMliE, M0>N)lCtt A$tL FABRIC ETC. IN WHICH ELECTROLYTE 

5-fe/<U-*fc3V^i^|$^{C CONTAINING CROSSLINKABLE MONOMER, 

fc*Uto$^V % »4#*MMf© OLIGOMER, ETC. IS INSERTED BETWEEN 
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MIST^^-^I, f)^* ELECTRODE SURFACE OR POSITIVE, AND 

mf&LX±'<ls-?hZ>\<^$^m NEGATIVE ELECTRODE, various methods, 

^^&&&&/vtcVtMX*jElkCD such as the method of bonding the both 

fSfHS^riW-a foi^^jfex fc<5 electrodes of positive and/or negative, where it 

VM^IA^^^-^fc^fcliOflUTAK crosslinked the polymer with radiations, such as 

D^r— ^r^fi, tf/^JtftZf&^'&Z) heat or ultraviolet rays, it formed the gel and a 

(DjjfefcW:Rl£tiX separator or a nonwoven fabric is put, or a 

l^-f ti<Djjfe\z.L,Xh, method of heating, after bonding, crosslinking a 

^^(^^Sr'a t?) x a* polymer and forming the gel, are adopted, 

^-fr, ^p^(D#Xg(Cj^Cfc However, even if in any method, it needs the 

Mf$<DWM : fc>S{Mh~tZ)o installation for exclusive use according to each 

process, such as an application, drying (a film 
forming is included), a bonding and a swelling. 



[0005] [0005] 

^fc N (1) (DjjfeX$\/^Z>tf})^ Moreover, don't dissolve the polymer which is 

— ItiMMwlzifeM^Xliteb-f used by the method (1) in electrolyte (to swell is 

(BM~f~Z>ZLblt>&^) ; U^L, S required), however, on the other hand, in order 

5u M^i~%tc$>{zii{vShfr<Djj to apply, it is a certain method (it uses the 

^(^JfcSVMi^iyMriB^T solvent or a dispersion medium and is a 

^^vi/v^ x 7*^*/*— v> solution). 

sl/\cirZ)¥£) XmVtbir&Ztfc Since it is required to make liquid by any 

i&if &fc*^^f<7)* 0 y^~ X& method (making solvent, emulsion or dispersion 

^k^ik^X (^Wi^V^— Xli using solution or dispersion medium) to apply, it 

^^L(±"C#T > ^^/is-ssl/fo is required to be the polymer of a non-bridge (a 

SVMixV^^^-^aVirLTt^ solution-making is impossible in a crosslinked 

H^T^&V^) , «I polymer, a film-forming is impossible in an 

ifef£7$V^^fcy$V7yik\?^V J f emulsion and a dispersion). 

tf ] JT? ] )v~ hy/i/^#Mc and which can be used in the present is limited 

$Rfe£tistltc&j$B : MX^/i'& to a polyvinylidene-fluoride type, a 

ff^Ei~<5fc£>, ffiMfc^fte}—, polyacrylonitrile type, etc., moreover, in order to 

+£H^& t 9 J ^1~<, ^f^^Mf^ir form the gel by natural swelling, a swelling 

5/Jsy^— ikt>^</ c £<5o becomes unevenly and inadequate easily and 

fE$B, -fe^V— ^fo^l/Mi^f^^J the amount of polymers which forms the gel 

&m\B}foZ>\<^tmmLtzmz.B also increases. 
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P£-£5©j& s ffifiJ-CS><5d^ Furthermore, it is convenient to swell the 

^ &\$MfflM&-tftfc?T : g$&V) electrode, a separator, or a nonwoven fabric, a 

MK, £h\z%£Mfi^7u£.\z.f£ v ) winding or after laminating. 

^"f<> iztz s MWUzfk$$?£\$:W: However, it cannot fully spread electrolyte in 

i~3<bv^^lI/^£)/5 0 that case, and a swelling becomes imperfect 

further easily, and there is a problem that a 

swelling takes a long time. 

[0006] [0006] 

£fc, (2) ©;frffifc:f3V vriMTI$ Moreover, In the method of (2), it is the method 

ft. i&ft^O^J^ — , ^-y=f-r of bundling up by crosslinking using the 

— ^£1lXfclt^?R£ffll^T^ electrolyte containing a low molecular 

fillet!?— lSLTy^S:?F$J^ii"S monomer, an oligomer, etc., and forming the 

jj : &X\ i v^fc^gfcS: gel, and it is not necessary to take the means of 

tSifrlf >i 5 &C — " JLSBfillft2:.IL a natural swelling at the time of an application, 

;i>5#\ WM^^W^^A/tzViM and it is visible in it being ideal apparently. 

-e^ffi1~5fctf\ Il^&itJ^ii However, where the electrolyte solvent is 

^fcMfflffiMffliffiWWLL J $ > 1r<^ included, in order to apply, it is easy to vaporize 

i&ffi&(DMMW.^&li&Rl^ the electrolyte solvent at the time of an 

frV^l^^II£: ; fr~t~ ; 5o application and crosslinking, and the electrolyte 

(DMfflK&ffiti&lZ, fcifrteJ^'^ solvent of a low-boiling point of view has the 

%%&(^\z.fcm&<D4^SM^ problem that it cannot use it. 

tt) £#5fc&(^fiJli?ft^$£ In order to obtain good ion electroconductivity 

(WVtMfflW&feRiLtzFiffi^ (particularly, ion electroconductivity at low 

faW$%&<OWfa\ztt&Rt£9ft temperature), an electrolyte solvent with a 

tt, #(^{£fi!L{£:£tt5&£P low-boiling point is an important solvent (in 

f££r#<5;fctos order to acquire a good property, especially the 

^B^fifj^l^So^/K good property that it can set at low temperature, 

^/i^^vK jKttv^'fvK on the battery of the past, such as cylindrical 

^y5ri/3L$l/ s ~f u\?JtI/Wl^ shape, a square shape, etc. which use a liquid 

/K 7*vt°^>^^^^%ffi*Ml£ electrolyte, the electrolyte solvent of a 

(2)<D;firjfe{;L«fco low-boiling point of view, for example, a 

XW^fi^y— hMTii, Ztxb dimethyl carbonate, the carbonic acid methyl 

i&ffi&MMWMt&fc&fBX^ ethyl, diethyl carbonate, a dimethoxyethane, a 

"fx ft^f^^tt^WIKv^V^^ methyl propionate, an ethylpropionate, etc. are 

£ftFp1II2r^r1"~<5o litot, used suitably). But the sheet type manufactured 
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^^t^X^^MWf^^fM^^^ by the method of (2) cannnot use these solvent 

U^t^^zfx2h 0 u>t^^tti:b with a low-boiling point and has a big problem 

^Sfe^uvfi that a good property is difficult to get. 

%<D$>&fc&)< (36°C) % lp4&T* Therefore, the ethylene carbonate and 

iifflt^It^t^f , j^^yn propylene carbonate of a high boiling point 

kV : — 49°C) £r^Afc<5 which can be used cannot but take the lead. 

VMi^B^f^^tziis-frLTffl However, if the boiling point of an ethylene 

V^»ttLtf<fcb*V\ $/fc, J^l£ carbonate is by itself highly (36 degrees C), it 

ypbV^fi^^f^^y^T^b^ cannot use it, but it must mix and use a 

(DfR^U'ty&FB^^ZbfcX^'f propylene carbonate (melting point: -49 degree 

(KK/pf^^i^^tS) . ft C) for by itself or an ethylene carbonate, 

ffl *StH*£lfe$Rtt1flrt&s Moreover, a propylene carbonate cannot use 

— ^V^O^H^ticDM^iV^^J the carbon material of a graphite type for a 

PJl^r^i"^ ^(DJfyyr^YlfcfiR negative electrode (a propylene carbonate 

^M^Hix 1&W i ft$coW l f± : tt— aeE degrades), but the carbon material which can 

^ffit^t^L^^V^V^ffiHfc be used has limitation of non-crystalline 

*RH4£rW1"~5J& s , (2) <7)^&(c J: material, such as a hard carbon. 

5^^,"Cfi^^3&d $ bfflV^5rt This graphite type carbon material has the 

^T^^V^V^^^^^^-yrT^ outstanding property of being easy to maintain 

LTVSo the voltage at the time of discharge to a fixed 

value. 

However, by the battery by the method of (2), it 
also has collectively the disadvantage that it 
cannot use though regrettable. 

[0007] [0007] 

AP;iT N ±.^(D^tibo^7^V^— In addition, although ion electroconductivity 

^ ;uM<DWi\{$MMWli, tf£#tflC near a liquid electrolyte is being acquired, if 

these above-mentioned polymer-gels type solid 

tLOofc5^fi5:9t>^^0> electrolyte is compared with liquid electrolyte, it 

i&VtMMK^kk^fri&i£'^X$D is inferior, it cannot use for the application as 

?K fo&ffi^^feMtMWiMfi^tfc which a comparatively big discharging current is 

^tiSfflii^fiWL^T , 'ifc%<D demanded, and can demonstrate only 

WlkMMW%&ffi\^tz.Wfa(OiX inadequate capability for an alternative of the 

#lcte^+^>ftf£f£L^3§}f T* battery which uses the liquid electrolyte of the 

^^^ifa^&tfL&'P^MiXh past (put in practical use for the small 
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^ffl "li^^/hifeSi^iEffl^lRjtt discharging-current applications which can be 

W±H#Ht:£;faoofo9 x t^Jfe^ used even if internal resistance is a little high. 

i/— hMfE^^fi^OftMiftft The sheet type battery of the past etc. is the 

$\Xfo&) 0 ^(DM±W&i. tffr typical example). 

iV^Sfrtt^^r^S/'-fe/Ky"^ The biggest factor is that in order to acquire the 

— il^M^^^Stt^^LT^: shape of substance of the gel, a polymer which 

K^^M&tef&ft&tt^ttfj^lk is the component more injurious than beneficial 

(-^a £fr tftUi\ tfJ^&Mf&X^ to ion has to be included comparatively so much 

ftl^f-£>5o Z.(DTtt!)-r—tf/i' to form the gel. 

MS^f^R^^^^flLttft In order to aim at an ion electroconductive 

±3:@lBl~fc#>, sf/\s$*(Dy$})^? improvement of this polymer-gel type solid 

~/&^S^®^^iti!i11^xKy electrolyte, examination is added from both 

(Di£ffit£¥\ tfV^—is^ik surfaces of polymer contents, such as reduction 

ttfV W&tDffli&frbllklriffi of the amount of polymer component in the gel, 

Mz-btiX\/^Z> 0 and use of a high-dielectric-constant polymer, 

and the polymer structure. 

[0008] [0008] 

[SH^tSfcftO^S] [MEANS TO SOLVE THE PROBLEM] 

^^PJI^fi. Ztib<DfS\M&ffl Since electrolyte did not separate from the gel 

fci-^^MfflVZ^Mfc tctZ in an extremely small quantity below 5% 

5 N ^^rir^^^^W^y^^^ (weight% and the following - similar) of polymer 

^tV^^J^WMWM^ contents by crosslinking an oxetane ring 

(MMM) *P s jJ^jrl/HLii content polymer in the presence of a cationic 

IB^J»#^ET"C3K*l$*Sr.i initiator among the solution (electrolyte) of the 

MJ;^ *°y^ w -lir ; fr£5%(Ji electrolyte solvent and lithium electrolyte salt 

&%, £XTW\W) KT©iSl^ when earnest research was advanced that it 

'pt&^&Xh, tffrfrkWMWiA 1 should solve these problems (bleeding), the 

^MK^y— KJU^CV^WC^ present inventors discovered that it could form 

<C^/i/«:«J*-C#5C:iS:*aL the good gel. 

fc 0 ^7t, 1$^©!Jf!?Ai<!ff Moreover, combination specific as that a 

±^?rffii/ >i titt\ ^^^^fi-a W cationic initiator is omissible and electrolyte 

b£M$:%V&X%Z)Zt, *5 <fctf H solvent if specific lithium electrolyte salt is used, 

ffltfcMt&tLX¥ffe<Dl(&& J \£, particularly by use of low molecular 

^{Jg^^-^y^^V^oi^T 1 -^^ carboxylates, it also discovered that ion 
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©miUot, ^^^^flEtt^ electroconductivity could improve greatly. 

f$M^t^fa±L93C:£k EttSL The present inventors uses the liquid 

tz 0 Ztih(D^\^ crosslinkable composition for solid electrolytes 

l^S<5#, ±f5$c:fr£:*a tp^t*v: containing the above-mentioned component 

(D^^MMWf^^Wi^M^^^ based on these findings, if this is made to 

{£fflU crosslink for the existing lithium ion secondary 

hWffi£&ft<ny^V&4^s2fc batteries similar as the liquid electrolyte of the 

ft}&ffll£$Kfl£ £it"tU4\ jKy-v— past, by formation of a polymer solid, a gelling 

@[|{fc<Z)ffMl-<fcoT^©^Wt: of a type will take place and it will solve the 
^£2^*9 > ±5zB<7)f£Fp E III ; £r— above-mentioned problems of several at once, 

fl?*U ^Hfl¥©Sr^fflLfcy it discovers that the polymer-gel type 

J±4^^21kMftLblfc§&LX solid-electrolyte lithium ion secondary battery 

f$£bi>£bt£\'^titc%f&$:>& which has the outstanding property which is not 

^6*°y^~^Vi/^<7)|I|{$1I;#? inferior even if it excels compared with the 

Jfy^£ J*4^>2&M^ifi%h lithium ion secondary battery which uses a 

ttS^i^r^ttjb, ^^I^I^ttE^ liquid electrolyte is obtained, it came to 

£-£<5(^:£ofc 0 complete this invention. 

[0009] [0009] 

&3ox ^^i^fi-p ^iJffiUfc^ In addition, it is related with the polymer 

y-r— fj^f electrolyte using cationic polymerization, it 

fF^2925231#( 5 Pfi£ll¥7^ already sets in JP Patent 2925231 (July 28, 

28 BlSff) t^ioV^T N r^/^^rv- Heisei 11 issue), "The polymer solid electrolyte 

J££Wi^3^^^O^* 0 ^>'[rI which constitutes of containing the compound (it 

iO^ftyflfl^mWM including the electrolyte solvent) in which the 

ZtitzMft^ikii ttoffi^^rlsfe high molecular compound formed of the cation 

WLiV^V&MMW^L&QIs ) & ring opening polymerization of the epoxies of a 

U^^^^li^f^^L^fb^ compound which have an epoxy group can 

(^MWfeffl&QIs) ^r'a^L carry out compatibility to ionic salt (it includes 

TV^rir^bfiKSia^^F-Hfls^; lithium electrolyte salt) and this ionic salt" is 

ft?Kj^^^^tiTV>5 0 t^L proposed. 

T\ iw^WilB^/K^f-v/SSrW Thus, it defines the compound which has the 

"f 5{t:^^(±, rfi^i^j:^^^ above-mentioned epoxy group here as "the 

W^^^ir^j^^itn-^it^ thing used as the high molecular compound 

h^lbfciktttf&tiX^^&s Mc which has a network structure by 

#^(£(4, xt: polymerization", and it is carried out. 
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However, it is a formula specifically. 
[^5] [FORMULAS] 



— CH 2 -OC— (CH 2 ) 4 — CO— CH 2 




Wflell^^^riWb'n t:^ Since only two sorts, these alicyclic epoxy 

y^J— ;i'?fc^y$3ri/lkii'$)(D2 compounds and a bisphenol type epoxy 

@(0^^^J^$ti/TV^6(^i~^ compound, are only shown, it is clearly different 

■f\ ^f%^(D^r^r^^l^^.^ ^7 from the oxetane ring content radical 

i/fisi'^Mizrfy^^tliiVftbfr copolymerization polymer of this invention. 

{^f@iIi~t~<5o f^5fetT#f^W Moreover, when the polymer content in the 

r^^^f-OfrS^M^^^y^^ polymer solid electrolyte of this precedence 

^e^Sfi. tcbZ-&^t(DMMffl2 patent is computed, for example from the 

©ia^|fi^c^^^ttSi~5i, $J4 composition of that Example 2, it attains also to 

7%KhRlf, -f^HS^S^SX about 47% and also has an ionic conductivity 

10^S/cm(25 o C)£fc<9. Hffllft with SMO^S/cm (25 degrees C). 

l/^/istfe^Z-te^^o Ztii^L It cannot mention it a practical level. 

^^P^T(4*°y^— a On the other hand, it is admitted that 5% or less 

5%J[^T^4#®*T:\ -Y^^fe^S of polymer contents shows one 10 times thru/or 

(4yf>'^Wb\$.) t^fSllStSW^ 20 times no less than the former value of this in 

^F^tiSii^ bu#<£>10{^7?71[2 the characteristics in this invention as an ionic 

0{nh(DiU&^^^bfcW-fchfri conductivity (ion electroconductivity) is also 

<5 C shown in an after-mentioned Example. 

[0010] [0010] 

ir *IS^fix (l)^ir That is, this invention, comprises (1) OXETANE 

t^m^tf})^-. {2)*tt> RING CONTENT POLYMER, (2) CATIONIC 

H&mtm. (3) & INITIATOR, (3) ELECTROLYTE SOLVENT, and 

£Xf(4)V^$J*m i MK&frhf& (4) lithium electrolyte salt, and the 

t), ±f£^=¥i?^:/iil§r^/}N 0 y-e above-mentioned oxetane ring content polymer 

— (l)35%l:»t«5%£JlT'CibS?K (1) let the liquid crosslinkable composition for 
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Vt<D\3fcWM'£fS&ffitiMf&V!> solid electrolytes (it calls a liquid composition 

(WT\ ffiVtfl&J&yohffi^lt, y hereafter) which is 5 % or less among a total 

^ty J*><^>2&Wfa^\^ 1 &Wi\Z- amount gelatinize for lithium ion secondary 

cfcoTyVWbitL&tf?!!-^— [Ilffc batteries by crosslinking, and formed it into the 

mmnitUc^tZWtikt-tZtfV polymer solid electrolyte. 

[g^fE^ffy^A^^ It provides the polymer solid-electrolyte lithium 

&W>^&%$:irZ)h<D~C&Z)o ion secondary battery characterized by the 

above-mentioned. 

[0011] [0011] 

^^PJtcjoH-^^^rir^^^^ The oxetane ring content polymer (1) in this 

^TKy-^— (l)(i, 7$y-?— fiiir invention is a polymer which has two or more 

F^fc^^-ir^^^Sr^^fS^ri"?) oxetane rings in the polymer structure, 

^K-tfeot, xKy-r — <D# comprised such that it does not ask the skeletal 

^rM^^oh<DXit^^, ffl structure of a polymer. 

ffi^yv ? ^7^fin v "Ct)^^(^t# ; 5 However, it can also obtain simple radical 

ZbfcX* #<5 G ~t?£k>'h, ^*r±# polymerization easily. 

I'M&'&'t&yi/rt /isM-n^t/ That is, it manufactures by radical polymerizing 

r * rw - (WT> t^rt^yi^; the radically polymerizable monomer (it calling 

-?—bffi*t) isXX^^Wi^ft^X an oxetane polymerization monomer hereafter) 

^^^r^SSr^i"?)^^^ /i/fi^a which has an oxetane ring and the radically 

t£-=E-/^— (£JIT\ ^^^r^fi-n polymerizable monomer (it calling an epoxy 

^E-/^— irffc"t")<^ {{titD^v^^ polymerization monomer hereafter) which has 

Mo-^^r/^—t^yi^^^M an epoxy group as required, and another 

£i±"5C:<H^J:oT!l!Jiji£;h^ il^ radically polymerizable monomer, usually, 

^^fi^HOOOOJ^it-lx^ft molecular weight is set or more to 10000. 

Tt^o ft^lkft 1 10000^^1*1? It is in the trend for many amounts of polymers 

&<5<t, ^^Jf^tSO^^^ required in order to form the gel as molecular 

f£#V^-m^<>&W^teZ>m weight is less than 10000 to be needed. 

fa(^fo5 0 ft&^^fi<^JtPjl{;i In addition, although there is no limitation in 

ii^^ftypjlfi&v^^ f^fS^t^ particular in the upper limit of molecular weight, 

Jfififc^roifrR (^?»f§)£!t£p when maintaining the liquid (solution state) of 

i~3_hT\ iPJI^lOO^iel^ £F an after-mentioned liquid composition, it is 

^L<fi50^gS^Wl^L5wt^ about 1 million about an upper limit, restraining 

®^Tfe5o about to 500,000 preferably is appropriate. 
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[0012] [0012] 

iifS^i/^/^S 7^ Since a radical polymerization initiator [for 

^Jt-a ^i^J[fci:x.f^N l N , -T example, N,N'- azobisisobutyronitril, dimethyl 

yV^y^^p^hy/K v^^yi/ N,N'- azobis (2-methyl propionate), benzoyl 

N,N' — 7>^t^(2— ^*f)\s~fv\L peroxide, lauroyl peroxide, etc.] and the 

ir^— V) \ ^^yV/W-s— 3r$ri/ molecular weight of a polymer which can carry 

K, y^\2^)V/<~ ir5ri/V^}$$ out using regulators, such as mercaptans, as 

it^^^{-f&CT^^^y^>S required and is obtained in that case are 

&<t*<7)^^fii§?l$J£ffi^T?T comparatively large, the solution polymerization 

flbZ.hi^X^^ ^(D^^ which it performs at the temperature which is 

/tfy-r— (Dft^F fi>&5Jt^ftj*:# about 60 - 80 degrees C among the solvent is 

\<^tcfo 60^-80°C%£jg.CD usually suitable for above-mentioned radical 

figTfT&^r^g^WiiT polymerization. 

foSo ff^MkL-XH^ #f£11M?ft£ As solvent, use of the annular carbonate esters 

^^(3)[c#iJ^:$tb5^^jK^^ shown by the after-mentioned electrolyte 

^7Vi/|iL i&^i^S^^'rA'Iji , solvent (3), chain-like carbonate esters, and low 

i&ft^jJ /^VS^^x /i^M^> molecular carboxylates is desirable. 

[0013] [0013] 

ifS^^rir^^fi^^y-v— tL As the above-mentioned oxetane 

Tfi, tzkZ-t33Z: polymerization monomer, it is a formula, for 

example. : 

Ut6] [FORMULA 6] 
CH 2 =C— COOCHa-C^ yO 



(st'KRi (iH*fc(4CH 3 ;*5J; (lntheFormula,RiisHorCH 3 ;andR2isHora 

t>*R 2 f4H^^cHj^^i5:l~6(7)T C1 - 6 alkyl) the (meth) acryl monomer, 

;U%-;i>X*foZ)) <D T^])^^ specifically, the (meth) acryl monomer a methyl 

J-?— , ^^ftjl-ti, (3-oxetanyl) (meth)acrylate, a methyl (3-methyl 
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9=-t\')^f-)\'W)TV x )\'— k -3- oxetanyl) (meth)acrylate, a methyl (3-ethyl 

O-y^vi'-S-^-fc^— jV)} -3- oxetanyl) (meth)acrylate, a methyl (3-butyl- 

"f-j^W)T^ { )\^~ k (3-^f- 3-oxetanyl) (meth)acrylate, a methyl (3-hexyl- 

3 — 3~3c±?=- )V) }=f- )V 3-oxetanyl) (meth)acrylate, etc. are mentioned. 

?)T?V\/—Y, (3-7^ji'-3 It uses these at least 1 type. 

— ^rir^—AOy^vWy^OT:? The amount used is usually 5 to 50% among 

yi^— k 3— Jr^r the monomer whole quantity, when not using 

±^^/iy)^/u(^)T^V^~ h the above-mentioned epoxy polymerization 

m^fbfri, Ztib(D'pf£<kh monomer, preferably it specifies in 10 to 30% of 

mzmm-fZommmtmfts range. 

^fS^xK^-i/fi-^-^y-v— Srfflv If it is less than 5 %, when increase of the 

frv^-a-, ^y-^— £|t c f :, 5~5 amount of polymers which a gelling takes is 

0%, £f£L<f±10~30%<D®[g caused and exceeded 50%, it is in the trend 

~Cil3E"t~<5o 5%^viS"C(4, ffr which electrolyte separates from the gel 

te«-f5*°y-7-l:<7)tf*£}g (bleeding). 

§\ ^/c50%5r@^:?)^> ^/i^b In addition, it sets on these specifications, a 

fil#?fi£;^#$t (:7'L>— K) "(meth)acryl" means an acryl and a methacryl, a 

(Cfo5 0 ftfe. "(meth)acrylate" means an acrylate and a 

T> r(y.^)ryy/Kl<H^ T^y/u methacrylate. 

w^y^E^u r(y^or^y 

[0014] [0014] 

ifSi^^t^CTfflV^ti?)^/^ 0 As the epoxy polymerization monomer used as 

^v'jI-h ^y-^— tUTte, fcdrx. required the above 

(i For example 

Ut7] [FORMULA 7] 

i 5 

CH 2 =C— COOR* 



(it<tJ, r 5 «h^c:I1CH3;*3J: (In the Formula, R 5 is H or CH 3 .; and 
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Re is 

[FORMULA 8] 



— CH 2 




OH2OH 



or 



#JfC|i x 3,4-^;K=^>->^p^ 
^5-50%, ^^L<«10~3 



) (meth) acrylate, specifically, a 3,4- epoxy 
cyclohexyl methyl (meth)acrylate and the 
glycidyl (meth)acrylate are mentioned, it uses 
these at least 1 type. 

For the amount to be used, usually, what is 
sufficient is just to specify so that the ratio of the 
epoxy polymerization monomer in a total 
amount with an oxetzne polymerization 
monomer may become 90% or less, and both 
this monomer may become 5 to 50%, preferably 
10 to 30%, among the monomer whole quantity. 



[0015] [0015] 

±f2ftilC07i/^7/^Sa"l4^y^'— As the above-mentioned other radically 
£L~Cfi s jC: polymerizable monomer, it is a formula. : 



Ut9] 



R3 
I 

CH 2 =C— R4 



[FORMULA 9] 



(it'K R 3 J2H£fc{iCH 3 ;:JoJ: (In the Formula, R 3 is H or CH 3 ; and 

xm 4 Ci-COOCH 3 , -COOC2 R 4 is -COOCH 3 , -COOC 2 H 5 , -COOC 3 H 7 , 
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H 5 > -COOC3H7, -COOC4H -COOC4H9, -COO(CH 2 CH 2 0)i- 3 CH 3 , 

9, - COO(CH 2 CH 2 0)i^ 3 CH 3 , -COO(CH 2 CH 2 0)i. 3 C 2 H 5 , 

-COO(CH 2 CH 2 0)i^ 3 C 2 H 5 , -COO(CH 2 CH(CH 3 )0)i. 3 CH3, 

-COO(CH 2 CH(CH 3 )0)i^ 3 C -COO(CH 2 CH(CH3)0)i^C2H 5> -OCOCH3 or 

H 3 > -COO(CH 2 CH(CH 3 )0)^ -OCOC 2 H 5 ) the vinyl type or (meth) 

3C 2 H 5n — OCOCH 3 x Sfcfi — O acrylic-type monomer is suitable. 

COC 2 H 5 T;fo ; 5)(7)t:^/^^^L< In addition, although the thing except being 
fiC^^OT^y/i^^t/^— these can also be used, if affinity with the 

MVfo&o fcfc, ZthhHi^(Dh(D electrolyte solvent (3) to be used is low, 

t>{£ffl "Tf£"Cfc5/i\ i&Rl't&W* electrolyte may separate from the gel 

mmmm(3)t<Dm^^m^^ (bleeding). 

h^/\'frhW$Wft / dM(y'y-- Thus, it is sufficient to use together with 

K) iz&fo&o ^^ct^^bT epoxy-group polymer with molecular weight of 

W&£tlZ>**-t?>^1itf ] J 10000 or more, which is obtained by a radical 

(l)^r^^"C^ffls fc-SV^i polymerizing the radically polymerizable 

f^^^rir^^^^aW^y^— (1) monomer which has the above-mentioned 

CO — prfSt^ Jnf£^^^v / 2££r : ^r epoxy group for the oxetane ring content 

ir^yiy^juMa'^^y^^ti^L polymer (1) manufactured independently in a 

©y^^l^ptt^y^-^i part of use or this oxetane ring content polymer 

MitWlWi^^i^T^vi^^^^ (1), and another radically polymerizable 

fi-n ^iirSwi^ct^^^ixS^^ monomer on conditions similar to the above. 

[0016] [0016] 

^^^(-ioltS^^^^fi'a US As a cationic initiator (2) in this invention, it can 

i&M (2) <tLTte, use various kinds of onium salt (for example, 

&i&(tcb?L&T>^~ fcT, anion salt, such as -BF 4 -PF 6 , -SbF 6 , -CF3SO3, 

zfr— T/i/y— ^^zjf- and -CI0 4 etc. of cations, such as an 

r>A N ^yi^7^^r^^ s 3^^^^^ ammonium, phosphonium, arsonium, 

^^(OlJ'f'irlyco, — BF 4 . — PF stibonium, a sulphonium, and an iodonium,). 

6^ — SbF 6 ^ — CF 3 S03x — CIO4 However, if hexafluoro-phosphate lithium and/or 

f£t*<DT~ :^>1&^)^i£J i B~e# the lithium tetrafluoroborate which are lithium 

<5#^ ;fc3£^"CCL;ft£>;^— $ electrolyte salt (4) are utilized even if it does not 

£ri£ffl1t-f th. V'f'^^MMW use these onium salt by this invention, in 

ife (4) "TrfoS^^rlf ^/i^py > addition to an effect of original lithium electrolyte 
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WJ^ty^teXlf/^tiliT-hyy salt, it can act also as said cationic initiator, and 

/u^ru^^V^^^l^'tti is convenient. 

fif % &%<DV^$J*WLMW%iLV>i , \? Use of a cationic initiator is the component 

fflMAPx., Sf^^^^^fi-a^ excessive for an electrolyte. 

i£fflkLXhftRli-?>^kfcX*$, It leads to a decline of the part ion 

fftffi'&X'fo&o ti^ir^W,^ HHM electroconductivity, in addition is brought with a 

^Jtfvgifflfi^ l)II^i:oT^^ complicated production process, and rising cost 

tef&ftXhV^OftJ^mm etc. 

&(Dl&T\^t£tiy) x %:(Dl&W&, Naturally, it can also use together 

Iig<Z)JlJ|{b, ^;*h<7)±#^£ hexafluoro-phosphate lithium and a lithium 

#&5o ^^^^jt-o Win tetrafluoroborate in onium salt as a part of 

M<D— ^—^i^f^ cationic initiator. 

[0017] [0017] 

*^W{^*5»t5fl;fl¥?Kj§ii(3)t As electrolyte solvent (3) in this invention, they 

LTfi, /^irx.fi^^j^^^-^'r are annular carbonate esters (an ethylene 

s^Wi (jKSI^f'^^ carbonate, a propylene carbonate, a carbonic 

StWtzf^Wiif) ;£UfaK acid butylene, etc.), for example.; 

gl^^x/i'ilCjKii^^^vK Chain-like carbonate esters (it includes the 

S^v^fvK ^Sft^^vi"^.^" symmetry and asymmetrical types, such as a 

D$Bb*^vi"n— ^nkVu&if dimethyl carbonate, diethyl carbonate, carbonic 

<Dttffite£X$#$iWM$:&1%) ; acid methyl ethyl, and a carbonic acid methyl, n- 

m^^^miy^h^m) (y propyl); 

— y^vysrhl/^ y -/<un7^h Cyclic ester (lactone) (a (gamma)- 

;i§^^^if/HS[ Crb^k butyrolactone, a (gamma)- valerolactone, etc.); 

^^^h7kKn77 Cyclic ether (tetrahydrofuran, methyl-tetra 

XtJf) ^S^^i^V^^x hydrofuran, etc.); 

A'ii (BISfe^^vK Si/n t° Low molecular carboxylates (ethyl acetate, 

/K SEK^^vK zftx^-jri/^^ propyl acetate, butyl acetate, a methyl 

5vK /pt^yixf/i/^ propionate, an ethylpropionate, a propionic-acid 

t^vS^pfcVK g&g&^/K propyl, a methyl butyrate, butyric-acid butyl, 

etc.); 

(i^h^rv^^^ ^h^ri/oih Chain-like ether (a dimethoxyethane, a methoxy 
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**/^9>t£i*) ; v'TV^/uS ethoxyethane, etc.); 

^^itn-^H {^A* • 2 - i/TS*- Cyanoethyl group content compounds (a methyl 

fvi'Ji— rvK xfyi/^-v'Ty and 2-cyanoethyl ether, the ethyl and 

^c^/I/ol— 7vi/ % tT^2 — v<7V 2-cyanoethyl ether, bis 2-cyanoethyl ether, a 

zc^/i/rc — x/K carbonic acid methyl and 2-cyanoethyl, a 

— W/J^/K 7 p Pt°^^^2- propionic-acid 2-cyanoethyl, etc.) are 

i^Ty^^y^iD^^tf kfru - mentioned, it uses at least 1 type chosen from 

ixfe©»^batftt5^*<ttl these groups. 

S^rfflv^o JS#^B£^* It is desirable to mix and use chain-like 

"r^M, ^^^^x^licDrii!^ carbonate esters and low molecular 

^♦^^(^t^j^^^^x^ carboxylates for the high-dielectric-constant 

S> ffi^^^^^V^^^x/i^M solvent of annular carbonate esters and cyclic 

SriS^LTffl v^SrtW £L<, ester particularly - further 

S4^^Si^ : ^7 L y^"Cfe It is desirable to use a blend with the ethylene 

Si^St^^t^^ ^l/ntVy carbonate and propylene carbonate which are 

annular carbonate esters, and the dimethyl 

Otitis^ si's j^Bfev^c^/K j^6£ carbonate which are chain-like carbonate 

y^vu* ^^si'hj&jfr^FjJsi'tfl'' esters, inside of diethyl carbonate, the carbonic 

B£^*x/Mii<£>l*U ^-T-SrfllfiJc acid methyl ethyl, and low molecular 

•f"5^*Ol6S[^4~ 6®&R:c carboxylates, ethyl acetate which is chain-like 

^r/^feSSS^f/K S^T* ester of the total 4-6 of the carbon which 

nt°/K j^ggy^vK T'ntty comprises the molecule, propyl acetate, butyl 

SM^/K T'nfc^^S^^vK acetate, a methyl propionate, an 

ynt^^^ypbVu, SS^y^ 1 ethylpropionate, a propionic-acid propyl and a 

/^ir^Oi^'a ^^ffl^S^i^f ^ methyl butyrate, and further among these, use 

L<> f[f-> <Itib<£>f^k $<^%&Wt of propyl acetate which is chain-like ester of the 

5(D^t^^^-r/^"Cfc2>i^^yn carbon total 5, an ethylpropionate, and a methyl 

hf/K /Pt^yixf/i/^ |gg£ butyrate is desirable. 

y^/^cD^ffl^^f^LV^ -t Moreover, the blend ratio is set as annular 

<Z>}H^Jt^£\ iStfc^S^^T* carbonate-esters / - chain-like 

si'Wi/^Vtifcfifc^*^s\'$&/i& l carbonate-esters/low molecular carboxylates = 

fr^%sl>y$yM^X7 u sum = 10 10-50:0-50:50-90 (weight ratio) 

— 50:0~50:50~90(fiiJ:t:) And it is desirable to set low molecular 

fcSt^U ti^l&fttts^lsfk carboxylates as 50 % or more of the whole 

^XTsum$:M1fc±fo<D50%$X solvent. 

±l£K2£"t"5wi:J& s #f3;Ll/\i # In addition, in the above-mentioned low 
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33 , ±fS > [g;^^'^> r ^^V^^^x molecular carboxylates, if the total of the carbon 

/MUf t^fcoT, ft^F&MfdLlr&fR which comprises the molecule was less than 

^<D$tMfc4%:ffi^{t, feH&<Dfflfr four, the boiling point of the solvent is too low 

,&#Sfl£"t"#\ Wfa\z.]^tz.W)i=i . M and when a battery is produced from it, it easily 

iS.^{d^;?&l^lJEA 5 T5/7 p "t"5tv> produces the problem that a battery internal 

5RBBi& s £CJK % l£tc}y<^%&Wt7 pressure rises at the time of high temperature, 

W±"C(±, ^^^^Stt^^iSTL and is in the trend for ion electroconductivity to 

Tfi?&©#t£#<g;Ti~ 5fi[p]f- fall and for the property of a battery to fall, in 

fo5 0 wtlbfL#??$^$£ (3) Idfo seven or more carbon totals, 

ot, -troffilSiJit/ia^SiJ^fi In the these electrolyte solvent (3), the kind and 

^Jrz/MWL&^^^^&fr^^ mixture ratio have a large degree of incidence 

<> -?:W^p^:> flE^Ort^ftS^u to ion electroconductivity, as a result since they 

flffiA#*RH4* tiklULftfOMMM have big influence to the life span of the battery 

ffi^&^CDMI&tDjtikMffitit. under the influence of the electrochemical 

jocfct^^^W^fb^Wiaf^iSfl; stability by the charge-and-discharge property 

Mfl^^ft^Stt^WJ^fl^cfc of batteries, such as internal resistance of a 

5flEi^<^#ifr^£tLT N -X^t^ battery, an electric-current load characteristic, 

x.5fc#> % Kfi^^^^ti and an electric-current load characteristic at the 

6o time of low temperature, and the chemical 

structure of the solvent etc., they are decided 

carefully. 

[0018] [0018] 

\^tetfZ>y^VJ*MMW& The lithium electrolyte salt (4) in this invention is 

(4)li, W>MWMM3)^<D$&M excellent in the solubility to the electrolyte 

f£{-fiEti. ffi^^^^Wtti^k solvent (3), although what comprises anions 

^MyzMii^MM^i.^^^f^t^ (acidic radical) of high resistance is desirable to 

(^S)T?t#^^ti^t>W^$f^b high ion electroconductivity and an 

<, #tcRg^^tt6t)WT*(i^V> oxidation-reduction potential and is not limited 

#\ fci^iffi^^^^y^^A, x in particular to them, a lithium perchlorate, a 

hy^/i^P/^ggy^^i*. lithium tetrafluoroborate, hexafluoro-phosphate 

if y jvir^yyW)^ hU^/u lithium, trifluoro methanesulfonic acid lithium, 

ir^^y^v^y^})^^ J*m$ etc. are mentioned, for example, it uses these at 

a£tf bti. Ztlb<D'Pte<bhlM least 1 type. 

£rffl^£ 0 fh77;^i"n^ When good ion electroconductivity is acquired, 

^W)^*) f J^t^^^y /Uyta^Jy since particularly a lithium tetrafluoroborate and 
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fi^U^^Afi^ gitftteJ^ry^Wt hexafluoro-phosphate lithium have the effect 

t£^#^ti<5±, Jr^r^yW^ which crosslinks an oxetane ring content 

^"/^y-v— (l)£££}f-t~<5fEffl£: polymer (1), they are a desirable presence. 

#fit^ofcft&£LV^fe-Cfc The about 1-mol /dm 3 is usually applied to 

5 D -ti^y^^Afil$?W±&(4)c7) concentration of these lithium electrolyte salt 

fcftfiiiflf, \^)V/&r^mW£ (4). 

iSffl£tv5/^> ^(-PgAE"t~<5t)<7) However, it does not limit in particular. 

[0019] [0019] 

[%m<DmM<D]tm] [EMBODIMENT OF THE INVENTION] 

^^^}^#5*°y^— $Hf$WLM The polymer solid-electrolyte lithium ion 

fiy^^i^^^&fllftiifi, Jt secondary battery based on this invention uses 

^(D^^r-fe^^^^W^y^^ as the component, the above-mentioned 

(l)^fcfi^ft^^^°^S/i£'a ; ^ oxetane ring content polymer (1) or what used 

ytfV^— £#ffflL/c:t)(7X jj^iry the epoxy-group content polymer together with 

n&mteM(2), Sft?M$E(3) this, a cationic initiator (2), the electrolyte 

&£WJ^$J±mmW:l&(4)%:j& solvent (3), and lithium electrolyte salt (4), it is 

£j*<bL, rtL^^r^l-a ^?LT#b characterized by using the liquid composition of 

ti&i&*k&<DWW:%Rl&$)&s @ the low-viscosity obtained by mix-dissolving 

{$MMWffl^Wi&%&J&$)bL>X these as a crosslinkable composition for solid 

{£ffli~5d<h£#1ifc£L. J£ATtf) electrolytes, it can manufacture according to the 

^mj^^xm^^t^^ following procedures. 

[0020] [0020] 

5fc~f ^ ifS^^/l&^c^l^S^ First, it makes into 5 % or less the oxetane ring 

content polymer in the above-mentioned liquid 

(1) & W^g[0£CT^*>^ composition total amount (1), and the ratio that 

S^e fttf})-?— (Cl^ib^r^iirT an epoxy-group content polymer (they are 

^^f4*°y^^-i:^"^)^f^fe5 called as crosslinkable polymer in a general 

#J^£5%J^T^1~3o 1~ftfc> term) occupies as required. 

JF^^^tiSH^fll^S^O/t? That is, it sets the polymer content in the solid 

y-^— lir^fi£"C#5/ctf{&WjlL electrolyte formed as the lowest possible value, 

^Ix^LT, ^f^^^MttO^^ it performs stable maintenance of ion 
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fflEWZfttZOo WftUf&W) electroconductivity. 

^^(O^yYy^y (&^$M<D% Next, it injects a liquid composition into the 

^tiotftA^^W^^ "I airtight container which integrated units, such 

^Xh^W W^iJP5B#rHlrt(w. as electrode for lithium ion secondary batteries, 

yf-^^^^fE^ffltfX fllS and a separator, in the time limit of the pot life 

^>±/<U— ?^(D^~yb%:%EL& (time when it can perform the handling of 

^^/^^^^|§^caAb, M^Mt implantation etc. with holding of a liquid state), 

±/<U— Z^tD^r^y-f^WiX^ after making it infiltrate into gaps, such as 

^itcik. ^fi75SlOO°Cgg<D electrode and a separator, at normal 

tlUt^T. $&Wi tt^Ky^— ^r^fi. temperature thru/or the temperature of about 

titcaM&MWiZltZ^ktzJ:^ 100 degrees C, it gelatinizes a crosslinkable 

T^JM^VWbi^Ltf), 7^y-^— polymer easily normal temperature or by 

^fcMMK&Mf&KXty , Btf)<D carrying out heat crosslinking, and obtains the 

*Ky-r— TMfcMMKV^ 1 }^^ target polymer solid-electrolyte lithium ion 

^ykWtfe&'i^&o secondary battery by formation of a polymer 

solid electrolyte. 

[0021] [0021] 

^(D£o\z.l,Xs %%(DWttL%Mb Thus, it does not need a new installation in the 

^^(DTMX^WMh&^h^ process similar to battery production of the past, 

i% #ttir^^^}viMti^i* 0 y^ either, but can obtain the polymer 

— @^®^?Wy^^A^^"V2y^ solid-electrolyte lithium ion secondary battery 

flE?til£:#5r kfcX ££3J5<D excellent in a property and stability. 

tfV^—^si'lStMft^-Mifcfiiffl The polymer-gel type polymer solid electrolyte 

JCfi, ^^^fllt^^oT^lF of the past has an important point how it 

M&?£ffift^f$ft%b^fcl&Wi reduces the polymeric component more 

£^5rt*# s ItI?&^^i'b"efc<5 injurious than beneficial for ion 

fr^^^^^SSr-btf X electroconductivity. 

tliflS©^ yl/fS£H40)(fiT However, even if it raises a crosslinking density 

(: c fcoTii?i^5)il|f< > J recklessly, it easily separates electrolyte by 

/t^Vu^tll^ci"5^y^---c7)f#^ declining the gel retention of electrolyte, and the 

§^t>:^l£jiil<tfc<57)\ structure of the polymer which comprises the 

(4, ^M&tfV ^—(Dfe ffl Cio gel becomes important.. 

T> ^ti^^itPn^M^^f tklstch However, this invention can be mentioned what 

x_<5 0 fcio^ ^^^Trfflv^ solved these problems of several by use of a 

ZWimBLj&Vdte, m%mm%te crosslinkable polymer. 
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£Wf?J*mMK&*^'$~Z> In addition, 

ZLk\z£V^ y^ty ^Jr^yfcMM The liquid composition which is used by this 

£k$V\Z-h. V^P&WblftiL. V^tyJ* invention can be used, by altering the 

2 #c fifth,. f[*\.2gjf electrolyte solvent and lithium electrolyte salt, 

^r^^y^^-rVif— N as polymer-gel type polymer solid electrolytes, 

ha^a^y^f s /<y(^^<D^V^~ such as a lithium cell, a lithium secondary 

^r^^HM^^-^i^MMWtLX battery, an electric-double-layer capacitor, a 

^ffii~5^£kT*#<5o chemical capacitor, and an electrochromic 

device, besides a lithium ion secondary battery. 



[0022] [0022] 

mmm] [examples] 

&{^3jt$k MMM3o£Tfifc$l Next, it gives a manufacture example, an 

ffil&^bf T N ^^^^Tcfc^ffcW Example, and comparative example, and more 

{^tfe^i~<5 0 specifically demonstrates this invention. 

M&ffll Manufacture example 1 (manufacture of an 

~(DMW) oxetane ring content polymer) 

^ftti^^Mtf^+ft^^L^ Methylmethacrylate 108g beforehand 

LfclOOOmlcoH P dehydrated by the molecular sieve in the 1000 

t\ ^fe J E-U^rix7 w -v /w ~^"Cflft ml three-openings Kolben fully beforehand 

TKLfe^^/M^^yi^— M08g N dried by dry-nitrogen gas, and the methyl 

"f&^u^-zL?— i/— y-CJ|ft7Kb (3-ethyl -3- oxetanyl) acrylate 36g beforehand 

fc(3- ai^-yu — 3 — ^r^r^Z— dehydrated by the molecular sieve, dehydrating 

i\s)}*J-)\'T$ y )\s'— h36g x by a molecular sieve beforehand 

^rlsic^y— y^flftzkU M, It stirs at 70 degrees C, adding 0.225g 

j£M^LtcMU1%W,(Df?zm^ (2-methyl propionate) of dimethyl N,N'- 

u^432g(D % M^m\c s i/^fjv azobises to the mixed liquid of 432g of ethylene 

N, N' — TyV;*(2 — /3 L /U7 p v carbonates of the heating normal-state which 

t'jt^— h)0. 225g?rAP^L N carried out the vacuum distillation, and 

iI^;tf*£^ALfc^b70 0 C~C introducing dry-nitrogen gas into it, it continues 

JfjfU W£3n2^Jn!M heating while stirring then for 12 hours, and 

W^Wiy^^^M-o &fft£0o performs radical polymerization. 

&l£fi^£40~50°C(cTtf > ^ Next, it lowers temperature to 40 - 50 degrees 

fc ; ei/^7-v'-yi:'g:lL, C, and it adds 378g of ethylpropionates which 
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W.fcf^^yWi^^'^ dried by a molecular sieve beforehand and 

378g?:JPx. N carried out the vacuum distillation, and it 

^^JiW^^LT, ^^-fe^H stir-dissolves until the whole becomes uniform, 

^^T/Ky-^— 015%^^^#§ 0 it obtains 15% solution of an oxetane ring 

Z<D7$})^— Wti&lZ, M&MWi content polymer. 

%&W{fcfcX\ fa^BVk&^^h This polymer solution is the colorless and 

/I'SOa^&p^x #£8fc980/cm^ transparent viscous liquid, and checked having 

^Jt^^^ir^^ilO^tt^ilX property absorption of a clear oxetane ring in 

£^i~3^££#tlSLfco 980-/cm of wave number as a result of the 

infrared-absorption-spectrum measurement. 

[0023] [0023] 

MMMl(ffiVt%&f$^A<DMM) Example 1 (manufacture of the liquid 

ffi)^^^tf*&%WiLti?v--7* composition A) 

Mis^JlT^fc^" Within the glove box filled with dry-nitrogen gas, 

^rir^VJl's W^y^^-tf^^l it mix-dissolves 10g of solutions of the oxetane 

Ogt^ ^=^if7/l^ny:^l£y^r> ring content polymer obtained by the 

^l^^M&^^Ml^t^^^ manufacture example 1, and 40g of 

^uiy/^^y^-'f'^/^M.iy^ mixed-solvent solutions of an ethylene 

5vK 10/10/40, Mmit)(D carbonate / diethyl carbonate / dimethyl 

rI^^$^^40g££l^^¥L carbonate (10/10/40, weight ratio) which 

T N %&Vt%&f&%)A%;MM't 5 0 fl£ dissolved hexafluoro-phosphate lithium in 1 

^l^^A^W/Ky^— SlSteu mole concentration, it prepares the liquid 

3. 0%-efo5o ^(D^M&f&yoA composition A. 

£70°C^P?^li^L&, f)^ The polymer concentration in the liquid 

{fctt, joJ:l>V^W5 composition Is 3.0%. 

(10" 3 S/cm) £rfF fffiL^Co It carried out heat crosslinking of this liquid 

^VWbtti^Vi^lifi @ IJU^T ; composition at 70 degrees C, and evaluated the 

^WS^iJtfi, state and ionic conductivity (10' 3 S/cm) of 

%&fy&/vtzffiffl±fr*PK&%&Vt gelation properties and the gel. 

|lfi!cfe?rttAL^ ^f^^M^7 Gelation properties and a gel state are visually.; 

0°C x 5B#^^pf\t^:^^SPLT As the test sample for the measurement of an 

PJ^ffl^^^drL, MfeliLCZ/ ionic conductivity, the liquid composition was 

£rfflV\ JH^ifclKHz. SO injected in the sealing cell incorporating the 

^M^20 o C^fc(i-20°CT*tT^ gold-plating electrode, after heating in the state 

oTco ^^£Tf£^li^F~t~o of sealing for 70 degree-C* 5 hours, it was 
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cooled. The measurement was performed using 
LCZ meter at the frequency of 1kHz, 20 
degrees C of Measurement temperatures, and 
-20 degrees C. 

A result is shown in the following table 1 . 



[0024] . 

//nt^^ixfyl/ (15/15 

/7o, nsL\k)<Dm&m 



B(«7-M3. o%)riit 
U ^m$rTfS^l(^i- 0 



[0024] 

Example 2 (manufacture of the liquid 
composition B) 

As same as that of Example 1 , it mix-dissolves 
10g of solutions of the oxetane ring content 
polymer obtained by the manufacture example 
1, and 40g of mixed-solvent solutions of an 
ethylene carbonate / dimethyl carbonate / 
ethylpropionate (15/15/70, weight ratio) which 
dissolved hexafluoro-phosphate lithium in 1.3 
mole concentration, it prepares the liquid 
composition B (3.0% of polymer 
concentrations). 

It evaluates gelation properties, a gel state, and 
an ionic conductivity about this liquid 
composition B like Example 1 , a result is shown 
in the following table 1 . 



[TABLE 1] 



si 





% % 0) 




1 


2 




0 


O 














(lO^S/cm) 








8.856 


8.904 


-20^ 


3.925 


3.930 
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Table 1 



gelation properties 



gel state 



ionic conductivity 
(10' 3 S • c m) 
20°C 
-20°C 



Example 
1 2 
O O 
transparent, transparent, 
no bleed in no bleed in 
electrolyte electrolyte 



8.856 
3.925 



8.904 
3.930 



^l^Ofiy/Wkl/Cl/^wtS: In Table 1, it is shown that CIRCLE is 
^i" 0 gelatinizing. 



[0025] 

ttmmi 

it: 



[0025] 

Comparative Example 1 
Formula : 



UtlO] 



[FORMULA 10] 



< j^CH 2 OCO-Q >o 



>fK2021Pj)2. 5g«\^Mf7 
M15/15/70, Slit) (D& 



It dissolves 2.5g (the product made from Daicel 
Industry, "Celoxide 2021 P") of these low 
molecular alicyclic epoxy compounds in 47.5g 
of mixed-solvent solutions of an ethylene 
carbonate / dimethyl carbonate / 
ethylpropionate (15/15/70, weight ratio) which 
dissolved hexafluoro-phosphate lithium in 1.0 
mole concentration, it prepares the liquid 
composition C (5% of low molecular alicyclic 
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tf^-i/ika* $)Wk}£.5%) £rp]$J"t~ epoxy-compound concentration). 

<5 C MMityiltfxl^te, After a heat superposition bundle of this liquid 

ia^^iC^70 o C"C^P^S pi *£L composition C with 70 degrees C, gelation 

£> N y/WLtt* y/M£t8*3«fctM properties, a gel state, and an ionic conductivity 

^"W5#S^rf¥ffiL, £p JPz£Tt£ were evaluated like Example 1 , a result is 

^2{^i~ 0 shown in the following table 2. . 

[0026] [0026] 

Jfct£0!l2, 3 Comparative example 2, 3 

tfc$£$|l dfcv^T, {£5^ JHtH In Comparative Example 1, except respectively 

^^/t^v^fc^^Oitg^^ti making concentration of a low molecular 

6% (Jti£0!l2) £fcfi8% alicyclic epoxy compound into 6% (Comparative 

(tttSM8l3) k-fZEkfM*. R$lt£ Example 2) or 8% (Comparative Example 3), it 

LT;K^#l$c4^D, E^rl^Mb. prepares the liquid compositions D and E 

y/Wbttx yV^^ioJ:!^^^"^ similarly, the evaluation result of gelation 

fi^|£<Df¥ffi^jP:£T1E^2t;L properties, a gel state, and an ionic conductivity 

^i~ 0 is shown in the following table 2. 

[0027] [0027] 

i£t£#!l4 Comparative Example 4 

xC: Formula: 

Ukll] [FORMULA 11] 



CH 2 OCH 2 -/ V- CH 2 OCH 2 ^^C 2 H 5 

^5 w o 



(Di&ft^-**±?^^^ik& It dissolves 3g (the Ube Industries, Ltd., Ltd. 

TXDOj)3 make, "XDO") of these low molecular oxetane 

g&s ^^^)~y Vi^ny^^y^^ ring content compounds in47g of mixed-solvent 

i»£rl. O^/i^Stc^^Lfci^ solutions of an ethylene carbonate / dimethyl 

|fxf i/y/^^i/^fyiz/yn carbonate / ethylpropionate (15/15/70, weight 
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t^yS^^A- (15/ 15/70, ratio) which dissolved hexafluoro-phosphate 

MSit) O/JI'a- $?$£$?#£47g{c lithium in 1.0 mole concentration, it prepares the 

?gft?LT, M^clfl^c^lFdg;^^ liquid composition F (6% of low molecular 

oxetane ring content compound concentration). 

6%) £fi$!Ji~<5o l£1&$llbfv\W. After a heat superposition bundle of this liquid 

(c. rcD^^|I^c^F$r70 o C^P composition F with 70 degrees C, gelation 

HI^itLfe, y/Wfcf^ properties, a gel state, and an ionic conductivity 

Mio XXJ^^yi^M&^W^l^, were evaluatedlike Example 1 , a result is shown 

^Wz&TfZ^^TF-fo in the following table 2. 

[0028] [0028] 

Jtl£#!l5, 6 Comparative example 5, 6 

tb^0ij4(cjot^T. ifkft^jrst^-te In Comparative Example 4, except respectively 

?^M1$^{kii% ( VWkf£.$: :: ttl making concentration of a low molecular 

<??fri s 8%(it^#!]5)£/*cf±10% oxetane ring content compound into 8% 

(lt^0ij6) IrJSIU: (Comparative Example 5) or 10% (Comparative 

LT?i£t£#fi$c$5G, H3rf§jSiL N Example 6), it prepares the liquid compositions 

^VWfrtt, ^V^^fectt>V^y G and H similarly, the evaluation result of 

{5^|^^Wffi^^:?rTfB^2i^ gelation properties, a gel state, and an ionic 

7jk~t 0 conductivity is shown in the following table 2. 

[0029] [0029] 

\m\ [TABLE 2] 
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S2 





& m m 




i 


2 


3 


4 


5 


6 




X 


O 


0 


X 


O 


O 














Sot 


























SAW 






























h*> 
















(10 J S/cm) 














2tfc 




3.543 


2.667 




2.347 


2.221 


-20^ 




1.865 


1.661 




1.672 


1.634 



Table 2 



gelation 
properties 
gel state 



1 

X 



ionic conductivity 
(10- 3 S • c m) 

20°C 

-20°C 



2 

O 



Example 
3 



muddy gel, 
bleed in 
electrolyte 



3.543 
1.865 



O 

muddy gel,, 
bleed in 
electrolyte 



2.667 
1.661 



4 

X 



5 

O 

muddy gel, 
bleed in 
electrolyte 



2.347 
1.672 



6 

O 

muddy gel 
bleed in 
electrolyte 



2.221 
1.534 



In Table 2, * STATE WHICH IT IS NOT 

x ti^tD^ireyvwbL-cv^ gelatinizing while it has been liquid 

V CIRCLE is gelatinizing. 

*20>j(S*j&»&, ffia-T-JBJItS;^ From the result of Table 2, when the 

tf^-Xb-a ^fc^i/MiiS;^^^ superposition bundle gelling of a low molecular 

= 3 rir^>il'Q^rft;'n ^[^E-y-^— ] alicyclic epoxy compound or the low molecular 
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^r^^S^a -frL&y/Wb^-tirfc oxetane ring content compound [monomer] is 

^^.*°y-^ — ^^fi5%@it only carried out. With about 5% of polymer 

(j&^J-?— /$UOO%/tfy-^— {c contents (assuming that this monomer 

IcfbLfc^AEEL, ^y-?— 1$ ^ converted into polymer 100%), it does not 

ik&tf})^— Is^ikt'i'Z)) gelatinize in making a monomer content into a 

^/Wb-fri* (itlfc^ill, 4). 6% polymer content (Comparative example 1, 4), 

gg^±T(4^VWt*t"5t^(D > but at about 6% or more, although gelatinized, 

fi£frfi£4W s :/y^KL* &ffrt£tf the liquid component bleeds, it cannot perform 

/W^J&# 5 T*£i\ -Y^WS^Sk good gel formation but it is admitted that a result 

&\/^^W%btit£^^k&M£> with a sufficient ionic conductivity is not 

btl&a obtained. 

[0030] [0030] 

MM&l3(y^$&4&>21[kWLftL Example 3 (creation of lithium ion secondary 

A©^fi£) battery A) 

^feffl^LT^oV^cy^^A^^* It injects liquid composition A1.85g of Example 

^WfcffitnW&.^^^frbteZ) 1 into the electrode for lithium ion batteries 

:x- yY&B.fy&AstcT/i'^ tyJ* prepared beforehand, and the . bag-shaped 

7^^h74frJ*f§&<D^^1&%& vessel incorporating the unit which is made up 

t-x MMffll<DWVt$Lf$$)Al. 8 of a nonwoven fabric made from an aluminum 

5g£r££AL N JE^Ia S£ff ofc laminate film, it seals, after performing a 

^^#j*U 70 o C"trl9^r^iniftL vacuum impregnation, it heats at 70 degrees C 

X$£Wi iCcfcS^VWt^^TVv MM for 19 hours, performs the gelling by 

(D/tfy-^— [a^ll^Sfy^^A^ crosslinking, and makes thin polymer 

;^>2^1l^A£{1^^<5o & solid-electrolyte lithium ion secondary battery A. 

jb\ ifETfflv^c^^y^^A-f In addition, the unit of the thin lithium ion 

Jrl/2y!Kl$ML(D^~y Hi. lEffii: secondary battery used above has the structure 

^^Sr^F^c^^r^LT^ilHlL/c which carried out the winding of a positive 

flF^il^rWl^ IE® tiT/u^— tyJ* electrode and the negative electrode through 

^(D^i^lz^^juh^J'f'^J^^ the nonwoven fabric, a positive electrode is 

fafrkte&ffi^W&WL^lsfchv) what applied the active material which is made 

t\ -?:<7)1M X(i50 x 80mml:\ up of a lithium-cobaltate agent on both surfaces 

flWzli^ffi^jR^^ty&^M'ft) of an aluminium foil, the size is 50*80 mm, a 

Ltch<VX\ -£<DlMX{i52x 11 negative electrode is what applied carbon type 

Ommtfot), ^F^^ti^y^^x material to copper foil, and the size is 52*110 

ijum)|p R pT\r mm. 
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(D^—ybtes jiffl^i&^^rLfc A nonwoven fabric is 20 micrometer thickness 

^^(DT/^^J^y^—hy^f item made from the polyester thin fiber, and 

M(^ffi:*°!jxf i/y % ^jgj : integrated this unit into the bag-shaped 

>Ky:/pfcV:/)^ ^ffi^i&^fcfc aluminum laminate film (inner surface: 

<D~Cfc<5 0 ftft!l£)|?g{i N 180m polyethylene, outside: polypropylene) which 

AH<Dh<DX\ [RlCfLft!l2:6{@ (N carried out heat welding of the perimeter 

o. 1—6) fNcLfco The capacity of a battery is 1 80mAH and carried 

out six-piece (No. 1-6) creation of the same 

battery. 

[0031] [0031] 

MM$H(y^V^^^2dtWM Example 4 (creation of lithium ion secondary 

BCD^ffc) battery B) 

MM&\3bW\W.^, MMLffil2<Dfi& It makes thin polymer solid-electrolyte lithium 

^IIjjfc^BSrffl^T, W%t<Dtf}) ion secondary battery B (six pieces) like 

-^^-@fffl;^?Wy^^A^^-V2 Example 3 using the liquid composition B of 

(6m) Srft^cl^o MM Example 2. 

m3te£X$4*Vftj$Ltz.MMti-° ] ) The result of the load characteristic at the time 

-e— [SI#:flE$?Ky5 L £A'f;t~^2 of a charge-and-discharge repeating test and 

t^ffi;?tilAjoJ:l>*B^fflv^c N %Wl normal temperature using the thin polymer 

S^^^LM^irS'fiBf^A?^ solid-electrolyte lithium ion secondary batteries 

i&U&ftD^ffi&^E&W^: A and B made in Example 3 and 4 and the load 

^^ti^fri, Tf£^3:ioJ;TM^ characteristic at the time of low temperature is 

7F~t 0 &3o, ^EWcM^i&lyP^^ respectively shown in the following tables 3 and 

<D%ti$li s 3feSc®*lC(180m 4. In addition, as for the conditions of a 

A)T35^fillM^^£^§L, charge-and-discharge repeating test, a charge 

^llM^/t/0t(7)^iL 101M^ and discharge is repeating about a 

Mkvi'&lkb&^f^&TF-fs % charge-and-discharge cycle at 1C (180mA), 

rfiH^W^^f^ttti, 3tWt~f^ The capacity at initial stage 1-cycle, the 

TO. 2C(36mA) , #tfl|f30. 2 capacity after 10 cycles, and retention are 

C, 1C\ 2C (360mA) , ^ti^fti shown. For the load characteristic at the time of 

(Dj&WL&lkioX'llO. normal temperature, each discharging capacity 

ii:^t5^$^to tefi and retention at 0.2C discharging capacity for 

^(D^^mt, -20°C^*3it all charging at 0.2C (36mA), discharging at 

6%1&W,&0. 5C(90mA)^H 0.2C, 1C, 2C (360mA) are shown. As the load 

3£fi> 4ocfcI/^^(c:ioit2)^ES characteristic at the time of low temperature, for 
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f[*0. 5C(90mA)2#fE^lk(- charging/discharging at -20 degree C with a 
ttirZ&Afflft^&Mfel'tihto 0.5C (90mA), for discharge capacity and 
T'feSo -f^T^ttfi^fl;^^ normal temperature with 0.5C (90mA), the 
4. 2Vlc^i"5^"CirL x Scflli capacity retention with respect to discharge 
i~^T^fi#fi~C2. 75V^3Si"5 capacity is measured. 

3rC<hL"tV<5 0 Altogether, it carries out charging until it 

amounts to 4.2V in a constant current, it 
requires all discharge as until it amounts to 
2.75V in a constant current. 

[0032] [0032] 

[*3] [TABLE 3] 



£3 mtims) 





1 


2 


3 


4 


5 


6 
















•tiimif'tfA' (mAH) 


182.7 


186.3 


184.0 


182.6 


182.7 


180.0 


•lOthf*/!/ (mAH) 


174.4 


179.7 


176.3 


173.9 


174.5 


170.4 


m&m* (%) 


96.0 


96.5 


95.8 


95.2 


95.6 


94.7 
















• 0.2C (mAH) 


195.5 


200.2 


199.5 


198.7 


199.4 


200.9 


. lC^S (mAH) 


167.6 


190.4 


188.4 


188.3 


187.7 


187.0 




96.0 


95.1 


94.4 


94.8 


94.1 


93.1 


• 2C^S (mAH) 


172.4 


174.3 


170.6 


168.6 


168.5 


168.8 


ra&ftsj (%) 


88.2 


87.1 


85.5 


84.9 


84.5 


84.0 
















• ftfi^ft (mAH) 


190.8 


194.1 


193.3 


182.6 


193.0 


193.0 


• -2tfC£M (mAH) 


94.5 


97.6 


99.6 


90.0 


98.6 


97.1 


(%) 


49.5 


50.3 


51.5 


49.3 


61.1 


50.3 



Table 3 (Example 3) 

1 2 3 4 5 6 
charge/discharge repeat test 
initial stage 

1 cycle(mAH) 182.7 186.3 184.0 182.6 182.7 180.0 
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10 cyde(mAH) 


174.4 


179.7 


176.3 


173.9 


174.5 


170.4 


retention(%) 


96.0 


96.5 


95.8 


95.2 


95.5 


94.7 


normal temperature load property 










0.2Ccapacity(mAH) 


195.5 


200.2 


199.5 


198.7 


199.4 


200.9 


1C caoacitvfmAH^ 


187.6 


190.4 


188.4 


188.3 


187 7 


187 0 


retention(%) 


96.0 


95.1 


94.4 


94.8 


94.1 


93.1 


2C capacity(mAH) 


172.4 


174.3 


170.5 


168.6 


168.5 


168 8 


retention(%) 


88.2 


87.1 


OvJ.sJ 




OH.sJ 


0*T.U 


low temperature load 


property(0.5C) 










normal temperature 














capacity (mAH) 


190.8 


194.1 


193.3 


182.6 


193.0 


193.0 


-20degree C 














capacity (mAH) 


94.5 


97.6 


99.6 


90.0 


98.6 


97.1 


retention(%) 


49.5 


50.3 


51.5 


49.3 


51.1 


50.3 
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^^^^^^^ 
















1 


2 


3 


4 


5 


6 
















•ft&HM^ (mAH) 


182.2 


186.0 


183.8 


189.1 


187.6 


186.7 


•10tfvf*/l/ (mAH) 


174.2 


178.4 


173.2 


184.6 


181.0 


179.6 




96.6 


95.9 


94.2 


97.6 


96.6 


96.1 
















• 0.2C (mAH) 


196.7 


200.0 


199.7 


200.7 


201.7 


200.3 


• 1C££ (mAH) 


187.7 


190.6 


189.4 


191.3 


191.6 


190.8 


(%) 


96.4 


95.3 


94.8 


96.3 


95.0 


95.3 


• 2C£S (mAH) 


173.6 


178.4 


173.6 


179.8 


180.6 


179.2 


(%) 


88.3 


89.2 


86.9 


89.6 


89.5 


89.5 


f&iESffi#fc(05C) 














• ^ta^ft (mAH) 


190.4 


193.4 


192.8 


194.2 


194.4 


193.4 


• -20t:^fi (mAH) 


113.7 


118.2 


120.9 


119.0 


116.6 


113.7 


(%) 


69.7 


61.1 


62.7 


61.3 


60.0 


68.8 



[0033] 
[TABLE 4] 
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Table 4 (Example 4) 





1 


2 


3 


4 


5 


6 


charge/discharge repeat test 












initial stage 














1 cycle(mAH) 


182.2 


186.0 


183.8 


189.1 


187.6 


186.7 


10 cycle(mAH) 


174.2 


178.4 


173.2 


184.6 


181.0 


179.5 


retention(%) 


95.6 


95.9 


94.2 


97.6 


96.5 


96.1 


normal temperature load property 










0.2Ccapacity(mAH) 


196.7 


200.0 


199.7 


200.7 


201.7 


200.3 


1C capacity(mAH) 


187.7 


190.5 


189.4 


191.3 


191.6 


190.8 


retention(%) 


95.4 


95.3 


94.8 


95.3 


95.0 


95.3 


2C capacity(mAH) 


173.6 


178.4 


17^ 5 


17Q 8 


180 5 


179 2 


retention(%) 


88.3 


89.2 


86.9 


89.6 


89.5 


89.5 


low temperature load property(O.SC) 










normal temperature 














capacity (mAH) 


190.4 


193.4 


192.8 


194.2 


194.4 


193.4 


-20degree C 














capacity (mAH) 


113.7 


118.2 


120.9 


119.0 


116.6 


113.7 


retention(%) 


59.7 


61.1 


62.7 


61.3 


60.0 


58.£ 



[0034] 



[0034] 



[ADVANTAGE OF THE INVENTION] 

From the result of Tables 3 and 4, the polymer 
solid-electrolyte lithium ion secondary battery 
based on this invention shows the property 
which was excellent in the load characteristic at 
a load characteristic especially a heavy-current 
(expressed with 2 C characteristics) load 
characteristic, and the time of low temperature, 
it is admitted that a practical meaning of the 
lithium ion secondary battery which uses a 
polymer solid electrolyte is very large. 
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